The authors compared the abilities of descriptive and valuational health-related qualityof-life measures to discriminate healthy participants (n = 39) from those on diets for dyslipidemia (n = 35) and angina patients (n = 30). On the rating scale, the time tradeoff, and the General Health Perception subscale of the SF-36 Health Survey, the participants with dyslipidemia or angina reported lower mean scores than the healthy participants. No differences were detected between these groups on conventional or chained standard gamble (SG) scales. The distribution of the conventional and the chained SG scores was very skewed, with the vast majority of scores being equal or very close to the maximum score. It is concluded that in this study the discriminant ability of the chained SG was comparable to that of the conventional SG and inferior to descriptive and non-risky valuational scaling techniques. This may be explained by the distortion of probabilities, by a misunderstanding of the SG chained assessment, and by a strong certainty effect.
The pharmacoeconomic evaluation of primary preventive interventions is highly dependent upon the interventions' immediate effects on the participants' health-related quality of life.&dquo;' Although the negative impact of such interventions on quality of life may be small, the net impact on quality-adjusted life years (QALYs) during those interventions may be large if the interventions last for very long periods of time, do not substantially increase life expectancy or decrease the incidence of the preventable disease, and affect most participants, including those who will never develop the preventable disease. Furthermore, the discounting of future outcomes amplifies the short-term negative impact of preventive interventions on the quality of life and attenuates the long-term positive impact related to the prevention of diseases. Accordingly, accurate evaluation of any negative impact of preventive interventions on the quality of life of participants may be particularly im-
portant.
There is no consensus on the most appropriate valuational scaling technique to estimate the healthrelated quality of life for cost-effectiveness analysis.3
The standard gamble (SG) is often considered the standard criterion with which the other valuational scaling techniques are to be compared, because it is based on solid theoretical foundations.'-' Mea- suring the utilities associated with primary prevention programs with a conventional SG consists of asking individuals receiving primary preventive treatment to choose between their current health and a risky alternative with specific probabilities of a better outcome (perfect health) and a worse outcome (immediate death) (figure 1). Unlike other scaling techniques, the SG measures not only the strengths of preferences for health conditions but also the respondents' attitudes toward risk. Because most medical decisions are risky, the inclusion of a participant's risk attitude in the assessment of preferences is often seen as an advantage and is used to justify the selection of this scaling technique over the non-risky valuational instruments in cost-effectiveness analyses.&dquo;' Decisions involving risky outcomes have been shown to be influenced by the distortion-of-probabilities phenomenon This phenomenon describes how people perceive probabilities; small probabilities are usually overweighted, while intermediate and high probabilities are underweighted. Tversky and Kahneman have empirically measured how the probabilities of monetary outcomes are transformed and provided a mathematical function describing how probabilities of monetary outcomes are transformed into weights.&dquo;,&dquo; According to Tversky and Kahneman, when people are faced with a risky decision, the probability of each outcome is first transformed. For example, imagaine a patient needs to choose between living with his or her impaired health state or undergoing a risky surgical procedure where the risk of dying during the operation is equal to 20%. In this situation, if we apply the weighting function reported by Tversky and Kahneman,l° the probability of death would be overweighted and perceived as being equal to 36%. This overweighting of probabilities would contribute to decreasing the attractiveness of surgery.
We expect that participants involved in primary prevention programs may value their current health as being very good and consequently, be tempted to choose the lottery outcome of a conventional SG only when the probability of immediate death is around or below 5%. In addition, the overweighting of low probabilities and the underweighting of high probabilities may contribute to decreasing the attractiveness of the SG lottery outcome. Consequently, a large proportion of participants may choose their current health over the lottery alternative even when the probability of immediate death is small. In these circumstances, the measured utility for the current health of participants involved in preventive interventions may be very high and close or equal to the utility for perfect health. If this were the case, it would be very difficult to discriminate between respondents who were involved in primary preventive programs and those who were not.
The chained SG approach has been proposed as a solution to improve the accuracy of the SG for the measurement of health states with high utility.8 It consists of replacing the worse outcome of the lottery (immediate death) by a less severe condition. In a second step, the less severe condition is assessed using perfect health and immediate death as the lottery outcomes. To our knowledge, the chained approach has rarely been used or compared with other scaling techniques.l2-14
The objective of this study was to measure the health-related quality of life of healthy participants with and without treatment for dyslipidemia and angina patients with the conventional SG and a chained SG, the time tradeoff (TTO), the rating scale (RS), and the SF-36 General Health Perception (GHP) subscale. The abilities of these scaling techniques to discriminate these groups of participants were compared.
Method STUDY POPULATION
This study was part of a large cross-sectional, hospital-based survey designed to assess the valuational quality-of life measures of health states involved in coronary heart disease prevention and treatment. Participants were recruited among outpatients attending the cardiology and the internal medicine clinics. We also evaluated accompanying friends and family members of patients undergoing outpatient surgery and hospital workers at a major university hospital in Montreal.
Study participants were recruited between April 1995 and October 1995. Men and women 30 to 74 years old were classified into three study groups: Healthy, Dyslipidemia, and Angina. Participants were classified in the Angina group if a diagnosis of angina was reported on a hospital discharge summary or on a clinic note, had been present for at least six months, and had entailed a prescription for nitroglycerin. Participants without a heart problem were assigned to the Dyslipidemia group if they reported following, for at least one month, a prescribed diet to lower their serum cholesterol and if they were not taking lipid-lowering agents. Participants without heart problems and dyslipidemia were included in the Healthy group.
Specific eligibility criteria were used to control for comorbidity. We excluded pregnant women, all subjects with temporary illnesses such as a cold, and Healthy and Dyslipidemia subjects currently trying to quit smoking. In addition, subjects were asked to report any other health problem confirmed by a physician. Subjects in the Dyslipidemia and Healthy groups who reported symptoms from comorbid conditions in the preceding four weeks were not eligible for enrollment. We also asked the Angina patients which health problem had most affected their quality of life in the preceding four weeks. They were eligible for participation only if they answered none (meaning they had not been bothered by any health problem), angina, or a coronary heart disease risk factor (hypertension or dyslipidemia).
OUTCOME MEASURES
During the interviews, various questionnaires were administered. Participants first completed the SF-36 Health Survey. Thereafter, the medical history was reviewed in a face-to-face interview, and the valuational quality-of life assessment was administered by one of four trained interviewers.
The SF-36 Health Survey is a generic quality-of-life questionnaire describing eight different aspects of the quality of life. [15] [16] [17] respectively. The participants were asked where they would place their present health on the thermometer. The RS score was the distance between the location of their present health and immediate death.
The Healthy and the Dyslipidemia participants also rated the hypothetical health state angina and the Angina participants rated heart failure. For simplicity, health states considered to be worse than death were given a score of zero. This procedure had no or very little impact on our results, because no participant rated present health as being worse than death, and only three participants rated angina or heart failure as being worse than death.
For the TTO, participants were given the choice between living in perfect health for time t or living with their present health for time x, where t < x.
Time t was varied in a three-step ping-pong approach until the participant became indifferent between the two choices. In the first step, time t varied across the maximum (t = x) and the minimum (t = immediate death) duration to identify the indifference point area within a five-year period. In the second step, time t was varied within the indifference- The SG assessment was administered using conventional and chained procedures (figure 1). The conventional SG was always administered first and consisted of offering participants the choice between their present health (choice A) and a lottery (choice B) with a probability p of perfect health, and a probability (1p) of immediate death. The probability p was changed, using a two-stage ping-pong approach, until the participants were indifferent between the two choices. At We assumed the utilities of perfect health and immediate death to be equal to 100 and 0, respectively, so that the utility of the participant's present health was equal to (100 p), where p was the probability of perfect health at the indifference point.
The chained SG consisted of a two-step procedure (figure 1). In the first step, participants were asked to choose between their present health (choice A) and a lottery (choice B) with a probability pi of perfect health and a probability (1pal) of either angina or heart failure. We used angina for the participants in the Healthy and the Dyslipidemia groups and heart failure for the participants in the Angina group. The probability pi was changed, using a twostage ping-pong approach, until the participants were indifferent between the two choices. The second step of the chained SG consisted of assessing the utility of the hypothetical health state, angina or heart failure, using a lottery with extreme outcomes: perfect health and immediate death. Again, we assumed the utilities of perfect health and immediate death were equal to 100 and 0, respectively, and the utility of the health state under evaluation was defined to be equal to: u(angina or heart failure) = loop, By combining the results of the first and the second steps, we estimated the utility of the participant's present health: u(present health) = 100PI + [(1 -Pl)100pz] All SG assessments were administered by first var- Table 1 o Characteristics of Participants ying the probability of the worse outcome of the lottery across the lower (0%) and the upper (100%) levels of probability with a precision of 10% to identify the indifference-point area. Then, the probability was varied within the specific indifference area with a precision of 1%. The lowest probability of the worse outcome was equal to 1%. A visual aid was used to facilitate the understanding of probability where each 1% risk of the worse outcome of the lottery was represented by shading one of one hundred faces.~°S
TATISTICAL ANALYSIS
We computed the difference between the mean score of the Healthy group and that of either the Dyslipidemia group or the Angina group and the 95% confidence interval (CI) around the mean difference. We obtained almost identical results when the 95% CIs were computed assuming equal and unequal variances. Only the results assuming unequal variances are reported.
Results
We performed a total of 104 interviews with eligible participants. We report in table 1 the sociodemographic profile of the participants. Their mean age was 54 years. Men and women were equally represented, and they reported various levels of education, occupation, marital status, language, and income. The face-to-face interviews lasted, on average, 42 minutes (SD = 12 min). All participants completed the interview. We rejected 11 (11%) TTO assessments because errors were retrospectively detected in the sequences of the presentation of the choices. Two SF-36 GHP subscale scores were missing because of incomplete information. Scores from all other valuational assessments were obtained from all participants.
The participants in the Dyslipidemia group reported, on average, lower scores than did those in the Healthy group on the RS, the TTO, and the SF-36 GHP subscale (figure 2). However, the 95% CI around the mean TTO difference was large and included zero. There was no difference between these two groups on the conventional SG and the chained SG.
With all scaling techniques, the participants in the Angina group reported lower mean scores than the participants in the Healthy group. However, the smallest difference was observed with the conventional SG, and the 95% CI around the mean difference included zero. The chained approach slightly increased the mean difference between the Healthy and the Angina groups. However, as reported in table 2, the median chained SG score of the Healthy group and the median chained SG score of the Angina group were almost identical (99.8 versus 99.0), suggesting that the observed mean difference between these two groups was mainly influenced by marginal observations. These results demonstrate that, in contrast to the SF-36 GHP subscale and the non-risky valuational techniques, the conventional SG and the chained SG poorly discriminated Healthy participants from those in the Dyslipidemia and Angina groups. As shown in figure 3 , the distribution of the chained SG scores was more skewed than that of the conventional SG scores, the non-risky techniques, and the SF-36 GHP subscale. These results indicate that the chained approach did not increase the attractiveness of the SG lotteries. We compared the gambling strategy of each participant in the conventional SG and the first step of the chained approach. We observed that the proportion of participants who did not change their gambling strategy between the conventional SG and the chained SG was high, equal to 33% for the Angina group and 46% for the Healthy and Dyslipidemia groups. Although all participants but three rated angina or heart failure as being better than immediate death on the RS, 23% of the participants were less willing to gamble when the worse outcome of the lottery was less severe. These results provide evidence that, for the majority of participants, the use of the chained approach to assess the utility of their current health did not increase their willingness to gamble.
Discussion
Healthy, Dyslipidemia, and Angina participants rated their current health using a conventional SG and a chained SG, non-risky valuational scales, and the SF-36 GHP subscale. The mean difference between the Healthy and either the Dyslipidemia or the Angina participants on the RS, the TTO, and the SF-36 GHP subscale suggests that participants in the Dyslipidemia and Angina groups did not perceive themselves as being as healthy as the participants in the Healthy group. The conventional SG detected no difference between the Healthy and Dyslipidemia groups and a small, nonsignificant difference between the Healthy and Angina groups. The use of the chained approach did not improve the ability of the SG to discriminate Healthy participants from those in either the Dyslipidemia or the Angina group.
We anticipated that the overweighting of the probability of immediate death would decrease the attractiveness of the SG lottery outcome, and the capability of the conventional SG to discriminate Healthy participants from those in the Dyslipidemia and Angina groups. We observed that the conventional SG had very poor discriminant ability compared with non-risky valuational measures, which seems to be related to the skewness of the distribution of the SG scores, where most participants, even those with angina, rated their current health as being equal or very close to perfect health.
We designed the chained SG to reproduce more realistically the participants' attitudes when faced with the decision to treat dyslipidemia. Because untreated dyslipidemic subjects have a higher risk of developing coronary heart disease, we replaced the worse outcome of the lottery, immediate death, by angina. Similarly, we changed immediate death by congestive heart failure for angina patients. Changing the immediate death outcome by a less severe condition did not increase the willingness of the majority of the participants to gamble, and resulted in an even more skewed distribution. This may be explained by an increase of the intensity of the distortion of probabilities, by a misunderstanding of the chained SG assessment, and by a strong certainty effect.
The chained SG may increase the distortion of probabilities by moving down the indifference point. Tversky and Kahneman have shown that the overweighting of low probabilities and the underweighting of high probabilities for monetary outcomes are maximal when the probabilities are around 15% and 85%, respectively.&dquo;,&dquo; If this is applicable in a medical context, the chained approach may amplify the distortion of probabilities by moving the indifference point in a probability area where the distortion of probabilities is even more important than at the extremities of the probability scale. In addition, the distortion of probabilities may influence each step of the chained SG. For these reasons, the chained approach may exacerbate the distortion of probabilities and increase the participants' risk aversion. Our results provide some evidence that the probability transformation curve of Tversky and Kahneman for monetary outcomes may apply to healthstate assessment. However, this study was not specifically designed to test this hypothesis, and other explanations may explain these results as well. Although all participants except three rated the less severe lottery outcome (angina or heart failure) as being better than immediate death on the RS, 23% of the participants were less willing to gamble when the worse outcome of the SG lottery was less severe.
These choices were inconsistent and may reflect the misunderstanding of the chained approach by a substantial proportion of participants.
Finally, it has been shown that people underweight outcomes that are merely probable in comparison with outcomes that are obtained with certainty.9 Consequently, in the conventional SG and the chained SG, most people who are undergoing dyslipidemia treatment will choose the sure outcome (their current health) unless the advantages of the risky choice are considered to be substantial. The SG assessments imply that if participants choose their current health and continue their current dyslipidemia treatment, the risk of dying immediately (conventional SG) or having angina (chained SG) is null. This certainty effect may be so strong that modifying the severity of the worst lottery outcome is insufficient to decrease the participant's risk aversion. In real-life situations, for people with dyslipidemia, this certainty effect does not exist; treating dyslipidemia does not abolish the risk of having a heart problem but simply reduces it. Consequently, we may seriously question the ability of the conventional SG and the chained SG to incorporate risk attitude in a realistic and relevant fashion. Techniques such as the SG paired gamble, which consists of replacing the sure outcome by another lottery alternative, have been designed to avoid the certainty effect and may have the ability to reproduce participants' risk attitudes in a more descriptive manner.''21 A simpler alternative may consist of including each participant's current risk of coronary heart disease in the description of the participant's current health. These techniques may be more suitable for the assessment of primary prevention interventions.
We conclude that the conventional SG and the chained SG approach poorly discriminate groups of participants involved in coronary heart disease prevention or treatment. Descriptive and non-risky valuational scaling techniques provide more intuitively reasonable results and appear to be more sensitive than the conventional SG and the chained SG. However, non-risky valuational techniques do not incorporate individuals' attitudes toward risk and are suboptimal for use as quality weights in a cost-effectiveness analysis. Research should continue to find ways to measure the strengths of preferences for health conditions that incorporate the respondents' risk attitudes in a realistic and relevant fashion.
